V. 3. 3-XIN-SMA  XI NANJI ANG SO L MJ STURE ACCCUNTI NG OPERATI ON

| dentifier: XI N- SMA

Application: All prograns

Description: This Operation is based on the soil noisture accounting
portion of the Xinanjiang nodel (R J.Zhao et al, China, 1974).

A conpl ete description of this Operation is in Chapter I1.3-XI N-SMA
The special provisions of this Operation include the follow ng:

1. The XIN-SMA Operation is designed to performsoil noisture
accounting for up to 25 sub-basins with the sanme set of
paranmeters. |If users want to use nore than 25 sub-basins or
nmore than one set of paraneters in a watershed, additional XIN-
SMA Operations shoul d be used.

2. The ET-demand can be uni formthroughout the day or can have a
fixed diurnal variation. The diurnal ET-demand variation
expressed as percent/ 100 of daily ET-demand that is applied each
hour is as follows:

Hour (Il ocal tine) Portion of ET-denmand

1-8 0. 00
9 0. 02
10 0. 05
11 0.10
12 0. 16
13 0. 20
14 0.18
15 0.14
16 0. 09
17 0. 05
18 0.01
19- 24 0. 00

Ref er ences: R J. Zhao, et al, 'The Fl ood Forecast Methods Applied
in Humid Areas of China', Departnent of Hydrol ogy, River and Ccean
Uni versity, Nanjing, China

R J. Zhao, 1984, 'Xinanjiang Mddel Applied in China', East China
Techni cal University of Water Resources, Nanjing, China

Devel oped by: Q ngping Zhu, Yellow R ver Conservancy Comm ssion
Chi na

Al lowable Tine Interval s: 1, 2, 3, 4, 6, 8, 12 and 24 hours
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Time Series Used: Tinme series used in this Operation are as foll ows:

Form of Data M ssi ng

Qut put Ti me Val ues
General Type Dm Units Use Required T.S. Interval All owed
Precipitation 1/ L VM I yes n/ a any no
Channel inflow 1/ L VM @) yes repl aces any 2/ no
Potential ET L VM I no n/ a 24 no

1/ Multiple time series are allowed but all nust be for the sanme tine
i nterval.

2/ Must be the sane as the tinme interval for precipitation data.

I nput Summary: The card input for this Operation is as foll ows:

Card For mat Col ums Contents

1 5A4 1-20 General user supplied heading
i nformation
3X, 12 24-25 Number of sub-basins (maxi mum of 25)
3X, 12 29- 30 Data time interval of precipitation and

channel inflow data

10X, A4 41- 44 Detail soil npisture and conponents of
channel inflow print-out option; default
is no detailed output; enter 'PRST' to
get detailed printer output; in
Cal i brati on System program MCP3 program
detailed output is printed only for
sel ect ed nmont hs

1X, A4 46-49 Option only used in Calibration System
prograns to print nonthly suns of water
bal ance, runoff and channel inflow
conponents; default is no suns printed;
enter 'SUMS if suns are to be printed

2 F5. 2 1- 5 K (evapotranspiration adjustnment)

F5. 2 6-10 | MP (portion of inpervious area; units
of percent/100)

F5.0 11-15 WUM (upper zone tension water capacity;
units of MM

F5.0 16-20 WM (Il ower zone tension water capacity;
units of MM

F5.0 21-25 \V\DM (deep zone tension water capacity;
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Card For mat Col ums Contents

units of MM

F5.0 26-30 SM (free water capacity; units of MV

F5.1 31-35 B (exponent of the tension water
capacity curve)

F5.1 36-40 EX (exponent of the free water capacity
curve)

F5. 2 41-45 C (coefficient of deep

evapotranspiration; units of
per cent/ 100)

F5. 2 46-50 KSS (daily interflow output coefficient)

F5. 2 51-55 KG (daily groundwater out put
coefficient)

KSS + KG nust be < 1.0

F5. 2 56-60 Cl (daily recession coefficient for
interflow runoff)

F5.3 61-65 CG (daily recession coefficient for
groundwat er runoff)

14X, 11 70 Di urnal (ET variation option-default is
uni formdistribution of daily ET-
demand); enter '1' to use diurna
vari ation

3 2X, 2A4 3-10 Identifier for potential ET tine series
(blank if none used)

1X, A4 12-15 Data type code for potential ET tine
series (blank if none used)

5X, 12F4.2 21-68 ET-demand (MM day) or PE-adj ust nment
factor for the 16th of each nonth
(January- Decenber); daily val ues are
computed by linear interpolation; if PE
data used then values are PE
adjustnments; if PE data not used then
val ues represent ET demand

Repeat card 4 for each sub-basin.

4 2X, 2A4 3-10 Identifier for precipitation tinme series
of the sub-basin

1X, A4 12-15 Data type code-precipitation tinme series

5X, 2A4 21-28 I dentifier for channel inflow tine
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series of the sub-basin

1X, A4 30- 33 Dat a type code-channel inflow tine
series

Repeat card 5 for each sub-basin.

5 Initial carryover values for the state

vari abl es:

F5.1 1-5 WJC (upper zone tension water content;
units of MM

F5.1 6-10 W.C (| ower zone tension water content;
units of MM

F5.1 11-15 WDC (deep zone tension water content;
units of MM

F5.1 16-20 SC (free water content; units of MV

F5. 2 21-25 QC (interflow inflow, units of MV

F5. 2 26-30 QGC (groundwater inflow, units of MV

F5.3 31-35 FRC (runoff area; units of percent/100)

Card 6 only needed if this is a Calibration System program ( MCP3
or OPT3) and detail ed output was requested on card 1

6 1415 1-70 Mont hs for which detail ed output is
needed; form of input is nonth, year,
mont h, year, etc.; years are 4 digits;
nmont hs nmust be in chronol ogi cal order;
maxi mum of 7 nonths can be entered

Sanple Input and Qutput: Sanple input is shown in Figure 1. Sanple
output fromthe paranmeter print routine is shown in Figure 2. Sanple
execution routine output is shown in Figure 3.

Duri ng execution this Operation contains two options. The first is
to print detailed soil npisture output for each computational tine

interval. This output consists of each state variable at the end of
the interval and runoff and channel inflow conponents for the
interval. This output is quite volum nous and, therefore, should

only be requested when it is really needed. When this Operation is
used in Calibration System progranms MCP3 or OPT3 and the detailed
output option is selected, the output is generated just for selected
mont hs. The second is to print the suns of the water bal ance, runoff
and channel inflow conponents for each nmonth and the total run
period. This option is only used in the Calibration System prograns.

Error and Warni ng Messages: The error and warning nessages generated
by this Operation and the corrective action to take when they occur
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are as follows:
A. Messages that can occur during setup:

1. **ERROR** NUMBER OF SUB- BASI NS=XX. ONLY NUMBERS FROM 1 TO
25 ARE ALLONED.

Action: Use on allowabl e nunber. When nore than 25 basins
are really needed, use another XIN-SMA Operation for the
remai ni ng sub-basins.

2. **ERROR** TI ME | NTERVAL=XX, ONLY I NTERVALS CF 1, 2, 3,4,6,8,12
AND 24 HOURS ARE ALLOWED.

Action: Use an allowabl e conputation tine interval.

3. **WARNI NG** XX PARAMETERS WERE CHANGED BECAUSE THEY WERE
ASSI GNED | MPOSSI BLE VALUES.

Action: Check that revised val ues are okay.
B. Messages that can occur during setup or execution.
1. **WARNING'** | NI TI AL STATE VARI ABLES FOR UNI T XX CONTAI N

| MPOSSI BLE VALUES
WC WC WC SC QC Qoc

FRC
I NI TI AL VALUES WERE XXX XXX XXX XXX XXX XXX
XXX

CHANGED TO XXX XXX XXX XXX XXX XXX
XXX

Action: Check the revised val ues.
C. Messages that can occur during execution.

1. **WARNI NG** WATER BALANCE RESI DUAL EXCEEDS 1 MM
RESI DUAL=XXX. XX FOR UNI T XX

Action: Operation is not executing properly; call for
assi st ance.

2. **WARNI NG** TENSI ON WATER WAS DRI ED UP DURI NG XX/ XXXX.

Action: Paraneters or initial state variables are not

assi gned proper values; msleading results may be produced.
User shoul d adjust paraneters or initial state variables,
such as reduce K or Cor increase WDM or initial tension
wat er contents.

Carryover Transfer Rules: The following rules apply to the state
vari abl es of the Operation during the carryover transfer process:

1. WUC, W.C, WC, SC - the ratio (i.e., content/capacity) are
retai ned
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2. QC QGC, FRC - values renmnin the sane

3. |If the number of sub-basins is enlarged, carryover values for
the additional sub-basins are average values for the old sub-
basi ns.

Punch Card Limtations: The punched card formats for this Operation
are as follows. No checks are nade to deternmine if quantities exceed
t he maxi mum al | owabl e val ue.

Par aneters or Punch Maxi num Preci sion after
Vari abl es For mat Val ue Deci nal Poi nt
WM WM F5.0 9999. none

VWM  SM

WJUC, WL.C F5.1 999.9 t ent hs

WDC, SC

B, EX F5. 2 99. 99 hundr edt hs
QC QC

I MP, C F5. 3 0. 999 t housandt hs
KSS, KG

Cl, CG

FRC

K F4. 2 9.99 hundr edt hs

PE adj ustment curve

ET demand curve F4.1 99.9 t ent hs
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Figure 1. Sanple Card I nput For Operation X N SMVA

- Colum -

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
T T e T T s S L
XI N- SVA HATSW
HATTI ESBURG LOCAL 2 6

.95 .005 35. 75. 90. 20. 0.6 0.4 .15 .35 .25 .70 .990
PWA MAPE 0.9 .85 .85 .85 1.1 1.71.471.351.271.211.15 1.1
HATSW  MAP HATSWJ | NFW
HATSW.  MAP HATSW. | NFW
25. 90. 75. 5.0 1.0 0.16
25. 90. 75. 5.0 1.0 0.16
Figure 2. Sanple Qutput From Qperation XIN-SMA Print Parameter
Rout i ne
XIN-SMA  OPERATI ON NAMVE=HATSW PREVI QUS NAME=
XI NANJI ANG BASI N MODEL OPERATI ON FOR HATTI ESBURG LOCAL
COMPUTATI ONAL TIME INTERVAL IS 6 HOURS.
THE NUMBER OF UNITS IS 2.
TI ME SERI ES USED BY TH S OPERATI ON.
CONTENTS I.D. TYPE TI ME | NTERVAL
POTENTI AL ET PWA MAPE 24 HOURS
RAIN+MELT FOR UNIT 1 HATSWJ MAP 6 HOURS
INFLOWFOR UNIT 1 HATSWJ | NFW 6 HOURS
RAIN+MELT FOR UNIT 2 HATSWL MAP 6 HOURS
INFLOWFOR UNIT 2 HATSWL | NFW 6 HOURS
PARAMETER VALUES - CAPACI TIES ARE IN WM
K | WP WM WM WM SM B EX C KSS KG cl CG
0.95 0. 00 35. 75. 90. 20. 0.6 0.4 0.15 0.35 0.25 0.70 0. 990
16TH OF MONTH VALUES 1 2 3 4 5 6 7 8 9 10 11 12

PE- ADJUSTMENT

0.90 0.8 0.85 0.85 1.10

DAILY ET DI STRIBUTION I S UNI FORM

1.70 1.47 1.35 1.27 1.21 1.15 1.10

SO L- MO STURE AND DI SCHARGE CONTENTS FOR HATTI ESBURG LOCAL

UNIT wJC
1 25.
2 25.

10/ 30/ 2002

W.C

75.0

75.0

WoC SC
75.0 5.0
75.0 5.0
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Qc

1.00

1.00

foce FRC
0.16  0.00
0.16  0.00
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Figure 3. Sanple Qutput From Operation Xl N-SVA Execution Routine

UNIT DAY HR  RAIN ET-DM ACT-E RUNCFF RS RSS RG CN QcC QC W WC WcC WC SC FRC
1 29 11 0.0 0.3 0.3 0.0 0.0 0.0 0.0 1.07 0.91 0.16 174.7 24.7 75.0 75.0 4.0 0.00
2 29 11 0.0 0.3 0.3 0.0 0.0 0.0 0.0 1.07 0.91 0.16 174.7 24.7 75.0 75.0 4.0 0.00
1 29 17 0.0 0.3 0.3 0.0 0.0 0.0 0.0 1.00 0.84 0.16 174.3 24.3 75.0 75.0 3.2 0.00
2 29 17 0.0 0.3 0.3 0.0 0.0 0.0 0.0 1.00 0.84 0.16 174.3 24.3 75.0 75.0 3.2 0.00
1 29 23 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0.92 0.77 0.16 174.0 24.0 75.0 75.0 2.5 0.00
2 29 23 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0.92 0.77 0.16 174.0 24.0 75.0 75.0 2.5 0.00
1 30 5 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0. 86 0.70 0.16 173.7 23.7 75.0 75.0 2.0 0.00
2 30 5 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0. 86 0.70 0.16 173.7 23.7 75.0 75.0 2.0 0.00
1 30 11 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0. 80 0. 64 0.16 173.4 23.4 75.0 75.0 1.6 0.00
2 3011 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0. 80 0. 64 0.16 173.4 23.4 75.0 75.0 1.6 0.00
1 30 17 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0.74 0.59 0.16 173.2 23.2 75.0 75.0 1.3 0.00
2 30 17 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0.74 0.59 0.16 173.2 23.2 75.0 75.0 1.3 0.00
1 30 23 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0.69 0.54 0.16 172.9 22.9 75.0 75.0 1.0 0.00
2 30 23 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0.69 0.54 0.16 172.9 22.9 75.0 75.0 1.0 0.00
1 31 5 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0. 65 0. 49 0.16 172.7 22.7 75.0 75.0 0.8 0.00
2 31 5 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0. 65 0. 49 0.16 172.7 22.7 75.0 75.0 0.8 0.00
1 3111 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 60 0.45 0.16 172.6 22.6 75.0 75.0 0.6 0.00
2 3111 2.3 0.0 0.0 1.2 0.0 0.1 0.1 0. 65 0. 46 0.16 173.7 23.7 75.0 75.0 1.7 0.53
1 3117 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.57 0.41 0.16 172.6 22.6 75.0 75.0 0.5 0.00
2 3117 19.8 0.0 0.0 11.2 2.1 0.8 0.6 2.78 0. 49 0.16 182.3 32.3 75.0 75.0 15.2 0.56
1 3123 25.4 0.0 0.0 14.4 3.1 0.9 0.6 3.74 0.45 0.16 183.6 33.6 75.0 75.0 17.4 0.56
2 3123 45.2 0.0 0.0 30.9 23.2 1.7 1.2 23.99 0. 60 0.16 196.5 35.0 75.0 86.5 19.5 0.68
1 15 38.7 0.0 0.0 26.4 20.0 1.8 1.3 20.76 0.56 0.16 195.8 35.0 75.0 85.8 19.4 0.68
2 15 28.2 0.0 0.0 24.6 17.3 2.2 1.6 18.22 0.74 0.16 200.0 35.0 75.0 90.0 19.3 0.87
1 111 0.0 0.2 0.2 0.0 0.0 1.6 1.1 0.81 0. 65 0.16 195.6 34.8 75.0 85.8 15.5 0.68
2 111 0.0 0.2 0.2 0.0 0.0 2.0 1.4 1.01 0.85 0.17 199.8 34.8 75.0 90.0 15.3 0.87
1 117 0.0 0.2 0.2 0.0 0.0 1.3 0.9 0. 86 0.70 0.16 195.4 34.6 75.0 85.8 12.3 0.68
2 117 0.0 0.2 0.2 0.0 0.0 1.6 1.1 1.08 0.91 0.17 199.6 34.6 75.0 90.0 12.2 0.87
1 123 0.0 0.2 0.2 0.0 0.0 1.0 0.7 0.89 0.72 0.17 195.1 34.4 75.0 85.8 9.8 0.68
2 123 0.0 0.2 0.2 0.0 0.0 1.3 0.9 1.11 0.94 0.17 199.4 34.4 75.0 90.0 9.7 0.87
1 2 5 0.0 0.2 0.2 0.0 0.0 0.8 0.6 0.90 0.73 0.17 194.9 34.1 75.0 85.8 7.8 0.68
2 2 5 0.0 0.2 0.2 0.0 0.0 1.0 0.7 1.12 0.95 0.17 199.1 34.1 75.0 90.0 7.7 0.87
1 211 0.0 0.3 0.3 0.0 0.0 0.6 0.5 0.89 0.72 0.17 194.6 33.8 75.0 85.8 6.2 0.68
2 211 0.0 0.3 0.3 0.0 0.0 0.8 0.6 1.11 0.93 0.17 198.8 33.8 75.0 90.0 6.1 0.87
1 2 17 0.0 0.3 0.3 0.0 0.0 0.5 0.4 0.87 0.70 0.17 194.2 33.5 75.0 85.8 4.9 0.68
2 2 17 0.0 0.3 0.3 0.0 0.0 0.6 0.5 1.08 0.91 0.17 198.5 33.5 75.0 90.0 4.9 0.87
1 2 23 0.0 0.3 0.3 0.0 0.0 0.4 0.3 0.84 0.68 0.17 193.9 33.1 75.0 85.8 3.9 0.68
2 2 238 0.0 0.3 0.3 0.0 0.0 0.5 0.4 1.05 0.87 0.18 198.1 33.1 75.0 90.0 3.9 0.87
1 3 5 0.0 0.3 0.3 0.0 0.0 0.3 0.2 0.81 0. 65 0.17 193.6 32.8 75.0 85.8 3.1 0.68
2 3 5 0.0 0.3 0.3 0.0 0.0 0.4 0.3 1.01 0.83 0.18 197.8 32.8 75.0 90.0 3.1 0.87
1 3 11 0.0 0.5 0.5 0.0 0.0 0.3 0.2 0.78 0.61 0.17 193.1 32.3 75.0 85.8 2.5 0.68
2 3 11 0.0 0.5 0.5 0.0 0.0 0.3 0.2 0.97 0.79 0.18 197.3 32.3 75.0 90.0 2.4 0.87
1 317 0.0 0.5 0.5 0.0 0.0 0.2 0.1 0.75 0.58 0.17 192.6 31.8 75.0 85.8 2.0 0.68
2 317 0.0 0.5 0.5 0.0 0.0 0.3 0.2 0.92 0.74 0.18 196.8 31.8 75.0 90.0 1.9 0.87
1 3 238 0.0 0.5 0.5 0.0 0.0 0.2 0.1 0.71 0.54 0.17 192.1 31.3 75.0 85.8 1.6 0.68
2 3 238 0.0 0.5 0.5 0.0 0.0 0.2 0.1 0.87 0.70 0.18 196.3 31.3 75.0 90.0 1.5 0.87
1 4 5 0.0 0.5 0.5 0.0 0.0 0.1 0.1 0.67 0.51 0.17 191.6 30.9 75.0 85.8 1.2 0.68
2 4 5 0.0 0.5 0.5 0.0 0.0 0.2 0.1 0.83 0. 65 0.18 195.9 30.9 75.0 90.0 1.2 0.87
1 4 11 0.0 0.6 0.6 0.0 0.0 0.1 0.1 0. 64 0.47 0.17 191.0 30.3 75.0 85.8 1.0 0.68
2 4 11 0.0 0.6 0.6 0.0 0.0 0.1 0.1 0.78 0.61 0.18 195.3 30.3 75.0 90.0 1.0 0.87
1 4 17 0.0 0.6 0.6 0.0 0.0 0.1 0.1 0.61 0.44 0.17 190.4 29.6 75.0 85.8 0.8 0.68
2 4 17 0.0 0.6 0.6 0.0 0.0 0.1 0.1 0.74 0.56 0.17 194.6 29.6 75.0 90.0 0.8 0.87
1 4 23 0.0 0.6 0.6 0.0 0.0 0.1 0.0 0.57 0.41 0.17 189.8 29.0 75.0 85.8 0.6 0.68
2 4 23 0.0 0.6 0.6 0.0 0.0 0.1 0.1 0.70 0.52 0.17 194.0 29.0 75.0 90.0 0.6 0.87
1 5 5 0.0 0.6 0.6 0.0 0.0 0.1 0.0 0.54 0.38 0.17 189.2 28.4 75.0 85.8 0.5 0.68
2 5 5 0.0 0.6 0.6 0.0 0.0 0.1 0.0 0. 66 0.48 0.17 193.4 28.4 75.0 90.0 0.5 0.87
1 511 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0.51 0.35 0.17 188.5 27.7 75.0 85.8 0.4 0.68
2 511 0.0 0.7 0.7 0.0 0.0 0.1 0.0 0.62 0.45 0.17 192.7 27.7 75.0 90.0 0.4 0.87
1 5 17 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0. 49 0.32 0.17 187.8 27.0 75.0 85.8 0.3 0.68
2 5 17 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0.59 0.41 0.17 192.0 27.0 75.0 90.0 0.3 0.87
1 5 23 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0. 46 0.30 0.17 187.0 26.2 75.0 85.8 0.3 0.68
2 5 23 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0.55 0.38 0.17 191.2 26.2 75.0 90.0 0.2 0.87
1 6 5 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0. 44 0.27 0.17 186.3 25.5 75.0 85.8 0.2 0.68
2 6 5 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0.52 0.35 0.17 190.5 25.5 75.0 90.0 0.2 0.87
1 6 11 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0.41 0.25 0.16 185.5 24.7 75.0 85.8 0.2 0.68
2 6 11 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0. 49 0.32 0.17 189.7 24.7 75.0 90.0 0.2 0.87
1 6 17 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0.39 0.23 0.16 184.8 24.0 75.0 85.8 0.1 0.68
2 6 17 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0.47 0.30 0.17 189.0 24.0 75.0 90.0 0.1 0.87
1 6 23 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0.38 0.21 0.16 184.0 23.3 75.0 85.8 0.1 0.68
2 6 23 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0. 44 0.27 0.17 188.3 23.3 75.0 90.0 0.1 0.87
1 7 5 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0.36 0.19 0.16 183.3 22.5 75.0 85.8 0.1 0.68
2 7 5 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0.42 0.25 0.17 187.5 22.5 75.0 90.0 0.1 0.87
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